Background: Warts are known to clear spontaneously with the development of cell-mediated immunity (CMI) to the virus. Purifi ed protein derivative (PPD) of tuberculin bacilli has been used as a non-specifi c stimulant of CMI to achieve this outcome. Aim: To study the effect of PPD in the treatment of warts. Methods: Patients with diffi cult-to-treat warts were selected for immunotherapy. Each patient received 2.5 TU of PPD intralesionally in a few warts. A total of four sessions were given at 2 weekly intervals and patients were followed up for 6 months after the last dose. Results: Sixty-one patients were recruited of which 55 completed 6 months follow up and were available for analysis. Of these, 25 had verruca vulgaris, 18 had verruca plana and 12 had plantar warts. Forty two (76%) patients showed complete clearance after four sessions while the remaining 13 (24%) patients were non-responders. One patient developed a recurrence after total clearance during the follow-up period. Adverse effects were erythema, edema and pain at the site of injections. Limitations: As this was an uncontrolled trial, there is no comparison with a non-intervention group. Also, a Mantoux test was not done due to practical diffi culties. Conclusion: Immunotherapy with PPD is helpful in the treatment of cutaneous warts.
INTRODUCTION INTRODUCTION
Warts are caused by human papillomaviruses (HPVs) which infect keratinocytes. Local destruction of the warts is a commonly employed treatment modality which may be performed by chemical or electric cauterization, carbon dioxide laser or cryotherapy. All these modalities have a potential to cause dyspigmentation and/or scarring and may be associated with frequent recurrences. They also have limited use in multiple warts, facial warts and palmo-plantar warts. [1] Spontaneous regression is known to occur in warts due to the development of cell-mediated immunity (CMI) to the virus and such lesions demonstrate prominent lymphocytic infiltration in the dermis. [1, 2] An immune response is essential for clearance of warts. [1, 3, 4] Immunotherapy is an innovative approach to treat warts which relies on the principle of enhancement of cell-mediated immunity. It has been carried out using various antigens like mumps, Candidin and Trichophytin. [5] [6] [7] The objective of this study was to evaluate the effect of purified protein derivative (PPD) of Mycobacterium tuberculosis as immunotherapy in difficult-to-treat warts.
METHODS METHODS
The study was done at the author's clinic after obtaining ethical clearance from an independent ethical committee. Patients with difficult-to-treat warts such as palmoplantar warts, periungual warts, facial warts (>10 lesions), verucca vulgaris (>10 lesions) and verruca plana (>10 lesions) who were untreated or were off treatment for at least 1 month were recruited prospectively between July 2010 and March 2012. Those who declined to participate, pregnant women, patients on immunosuppressive drugs and patients with active systemic illness or infection were excluded. History of tuberculosis or past systemic illnesses were not considered as exclusion criteria.
After informed consent from the patient (or parent if the patient was a minor), 2.5 TU of PPD was injected into each lesion. In case of multiple lesions, a maximum of 10 representative lesions covering all the sites and a maximum of 25 TU of PPD was injected during each session. A total of four sessions were planned at an interval of 2 weeks irrespective of whether they had had a complete response. Patients reporting late for a session were continued on the regimen provided they were late by less than 7 days. Every patient was asked to complete the schedule of four sessions even if their lesions cleared earlier. Those patients who had complete resolution before four sessions were given 2.5 TU of PPD on the site of cleared lesions. Clinical response was assessed and photographs were taken during each visit. Patients were followed up at 1 month after the last dose. After 6 months, all the patients were called telephonically to enquire about any recurrence and 26 patients who returned for follow up were examined. Mantoux test was not done because of practical difficulties as many patients were staying far away and it was not possible for them to report after 48 h for the reading. No other systemic or topical anti-wart medications were allowed to be used simultaneously. The response to treatment was evaluated by observing all the warts on injected and non-injected sites. The response was graded as: • Responder: Total clearance of the lesions, and • Non-responder: No or partial clearance of the lesions.
RESULTS RESULTS
Seventy nine patients were screened of whom 18 patients were excluded as they were not willing to follow the study protocol; the remaining 61 patients were enrolled in the study. Six patients did not come for the second visit and were considered as dropouts. A total of 55 patients were available for analysis which included 40 males and 15 females aged 4-57 years with a mean age of 28.3 years. Twenty five patients had verruca vulgaris, 18 patients had verruca plana on face and 12 patients had plantar warts. The number of lesions ranged from 2 to >100. Number of injections and response rate is shown in Table 2 .
Purified protein derivative injection was well tolerated. The most commonly observed side effects were mild redness and swelling at the injection site seen in 13 patients which lasted for 4-7 days. After injection of an eyebrow lesion, one female patient developed lid edema that responded to cold compresses [ Figure 4 ]. Constitutional symptoms including low grade fever and body ache developed in one patient who had received 25 TU PPD and required analgesics for 2 days. One child developed an eczematous lesion at the site of injection which required topical fluticasone cream [ Figure 5 ]. No scarring or pigmentary change was observed in any patient. One patient of verucca vulgaris developed recurrence during the follow-up period.
DISCUSSION DISCUSSION
Local tissue destruction is a commonly employed method in the treatment of warts. However, it is not practical for multiple lesions, palmo-plantar and facial lesions because of associated scarring or pigmentation. [1] None of the destructive methods available are precise enough to destroy only the epidermis and hence scarring is almost inevitable with the use of these modalities. With immunotherapy, warts have been found to regress without any scarring and hence it is considered useful for plantar, facial and genital lesions. [7] [8] [9] In addition, the recurrence rate following immunotherapy is minimal as compared to destructive therapies. [1, [8] [9] [10] Cell-mediated immunity plays a protective role against viral, fungal and mycobacterial infection. Warts are known to clear spontaneously and a Cochrane review found a cure rate of 22% in the placebo arm. [1, 4] Hence, to stimulate cell mediated immunity viral, fungal or mycobacterial antigens and vaccines have been used. [5, 7, [9] [10] [11] [12] Because of the high prevalence of tuberculosis infection in developing countries like India, it is easy to induce a positive cell mediated immunity response with PPD, which was the reason for selecting PPD for immunostimulation in our study. Injection of PPD stimulates cell mediated immunity non-specifically through activation of Th1 cytokines, natural killer cells and cytotoxic T cells and is found to be effective against all types of warts such as verruca plana, verruca vulgaris and plantar warts irrespective of the serotype of HPV. [8, 9, 13] It was observed that immunotherapy injections lead to significantly greater clearance of warts than normal saline injections indicating that it is the specific effect of cell mediated immunity stimulation and not the effect of injection alone. [11, 12] In a study of 233 patients, the response rate to immunotherapy was found to be unrelated to age and gender of the patient, type of warts and HLA typing. [12] It is believed that injection of PPD not only stimulates the local immunity but also leads to circulation of activated T cells in the body leading to clearance of injected as well as non-injected, distant warts. [8, 9, 13] Purified protein derivative is a protein derivative and does not contain any viable organisms hence it can be used safely in children and pregnant women. [8, 13] Eassa et al., reported the use of PPD for the treatment of anogenital warts in pregnancy with a high success rate and without any major side effects confirming its efficacy and safety in pregnancy. [8] Though the product insert warns against use in pregnancy, no teratogenic effects of Mantoux testing during pregnancy have been documented. [14] The risk of hypersensitivity is very rare occurring in less than 1/million doses. [15] The maximum reported safe dose of PPD is 88 TU. No linear correlation has been observed between tuberculin dose and skin reaction. [16] The largest dose used in our study was 25 TU in one patient who experienced constitutional symptoms which were easily managed with anti-inflammatory drugs. There are variations in various studies regarding the dose, the interval between sessions and the number of sessions [ Table 3 ] and further studies are needed to develop a standard protocol. We decided to use an interval of 2 weeks as the usual time taken for local induration to resolve after the Mantoux test is 5-10 days. Table 3 compares the response rate of various antigens/ vaccines used in previous studies with the present study. In our study 42 (76%) patients had complete clearance of warts in only 4 sessions. The higher and quicker response rate may be due to the use of intralesional injections in multiple lesions and the higher quantity of PPD injected which was not done in earlier studies. The present study and other studies reveal that intralesional injections given on multiple lesions and over a number of sittings gives better and faster results. [8] [9] [10] [11] [12] Topical immunotherapy with tuberculin jelly had shown a lower response rate of 57% hence it is better to use the intralesional route of administration for higher clearance. [17] Purified protein derivative immunotherapy was well tolerated by our patients. In our study, only 1 (1.8%) patient of verruca vulgaris developed recurrence during the follow-up period similar to that observed in another study. [9] The limitations of our study include absence of a control group and Mantoux test not having been done and hence we could not correlate the response rate with Mantoux positivity.
This open, uncontrolled trial suggests that intralesional immunotherapy with tuberculin PPD may be a useful treatment of cutaneous warts. It is widely available, cheap and easy to use.
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